Iodine deficiency is still one of acute global public health problems. The best strategy to ensure its required amount in human population is salt fortification with potassium iodate or iodide. Food industry plays an important role in supporting good health status of consumers. Using iodized salt in meat production is not mandatory in the Czech Republic. The aim of this pilot study was to evaluate a group of salty meat products -fermented meats purchased in the Czech Republic in terms of iodine and sodium content. Totally 36 samples purchased in 9 major retail chains, produced in 9 different European countries were analyzed by spectrophotometric methods. As the results show, the use of iodinated salt was obvious only among Czech producers. The application of iodinated and marine salt does not mean that those products are a good source of iodine. Consumers should be more informed about iodine and sodium content in food. They should also be more aware about the health impact of high sodium intake. This pilot study compares iodine and sodium content in this type of meat products produced in different European countries but purchased in the Czech Republic.
Iodine deficiency is an intensively solved public health problem throughout the entire world (EFSA 2006; WHO 2007) . Although certain global progress in controlling iodine deficiency has been achieved since 2003, this issue is still challenging and affects almost one in three individuals globally (Benoist et al. 2008) . Historically, the Czech Republic belongs to regions suffering from a lack of iodine. The soil is poor in iodine and its natural source is only certain mineral water. Since 1950s the situation was managed by implementing so called "iodine prophylaxis" based mainly on the supplementation of edible salt by stable iodine substances (Zamrazil 2007) . In early 1990s, the results of epidemiological investigations done by endocrinologists and paediatricians pointed out that iodine deficiency in the Czech Republic deepened, which was probably caused by political and economic changes during society transition. The usual dietary iodine intake has been evaluated for different population groups according to age (Ruprich and Řehůřková 2007) . The risk of a high intake has been described for children up to the age of 10 years, where the usual intake came mostly from food of animal origin (particularly from milk and milk products, eggs and chicken meat). Fish, bread and bakery products contribute less iodine. The usual diet of people over 65 years old is low in iodine for up to 50% of individuals. This was confirmed by the European Food Consumption Validation Project (EFCOVAL) studying the iodine intake in 24 h urine samples. A 16% of men and a 40% of women (45-65 years old) were bellow recommended daily doses (Řehůřková et al. 2010) .
The most widespread and best used strategy to ensure the required amount of iodine in the population's diet is salt fortification with potassium iodate or iodide (WHO 2007; Benoist et al. 2008) . Despite its advantages (table salt is cheap and commonly consumed) this method also brings disadvantages: iodine instability during thermal processing and product storage (mainly for iodide), as well as health problems associated with an excessive sodium intake (Waszkowiak and Szymandera-Buszka 2008) .
Iodized salt is commonly used in households and food production, where iodine concentration is determined by Czech legislation to 27±7 mg/kg. The use of this fortified salt is not mandatory in the food industry (Decree No. 331/1997 Coll.) . A relatively low and varying concentration of iodine can be found in marine salt, which is frequently marketed as beneficial.
Processed foods are a source of 70-75% sodium in average diet from which meat and meat products represent up to 26% (EFSA 2006) . The food industry could play an important role in eradicating iodine deficiency (Ciriano et al. 2010) . On the other hand, due to the risk of hypertension resulting in coronary heart disease, stroke and renal disease, restriction of sodium intake is necessary on a national as well as international level (WHO 2003; SACN 2003; EFSA 2006; He and McGregor 2007) . According to Czech national individual food consumption study (SISP04) organized in 2003/2004, an estimated daily sodium intake is above 2 g/day for more than 95% of adult males and females. More than 50% of this sodium comes from added salt and between 10-20% is from meat and meat products (Ruprich et al. 2006) . The daily sodium intake of the European population ranges between 3-5 g which corresponds to 8-11 g of salt. This exceeds the recommended daily dose set by WHO (2.0 g sodium/person/day) or EFSA (1.5 g sodium/person/day) (WHO 2003; EFSA 2006) .
Fermented (dried) meats, a group of salty meat products with growing popularity among consumers, was selected for this pilot study. These special dried products are manufactured in many countries differing in the pig breed, type of feed, meat weight, and type of cut and processing conditions. These different factors give such products special composition and different nutritional aspects for human health (Fernandéz et al. 2007; Colmenero et al. 2010 ).
This pilot study should answer the question whether this kind of meat products, already known as a high source of sodium in the diet, could also be a considerable source of iodine. Possible differences between production countries were taken into account.
Materials and Methods
Totally 36 samples were purchased in 9 major retail chains in the Czech Republic, produced in these EU countries: Belgium (n = 1), Slovenia (n = 1), Slovak Republic (n = 1), Austria (n = 2), France (n = 2), Czech Republic (n = 5), Germany (n = 5), Italy (n = 9), and Spain (n = 10). Samples were transported to the National Institute of Public Health -Center for Health, Nutrition and Food in Brno, to a laboratory accredited according to the European Standard EN ISO/IEC 17025 for all needed analytical methods. Products were homogenized by Grindomix GM 300, Retsch, Germany (120 s, 3000 rpm) at room temperature and kept in plastic boxes at -18 °C until sodium and iodine analyses.
The iodine determination is based on previously described methods (Ayiannidis and Voulgaropoulos 1988; Mahesh et al. 1992) . Typically, 1 g of homogenized sample (triplicates) was mixed with 1 ml of water, 2 ml of 2M KOH, 1 ml 10% ZnSO 4 with added KClO 3, dried in the oven at 105 °C and burned out in the programmable muffle furnace at continuous temperature elevation up to 600 °C for 8 h. White ash was mixed with water and centrifuged (10 min, 440 × g. The supernatant was used for spectrophotometric analysis based on the catalytic effect of iodine ions in the oxide-reductive reaction of Ce 4+ and As 3+ according to the Sandell-Kolthoff. The absorbance was measured on spectrometer Lambda 25 (Perkin Elmer, USA) at 430 nm.
For sodium analysis the method of atomic emission spectrophotometry was used after sample mineralization and microwave digestion (Steinhauserova et al. 2011) .
Results of analysed samples were expressed as iodine and sodium content per 1 kg of edible part (arithmetic mean of 3 parallel measurements and a standard deviation) (Excel, version 14.0). Tables 1 and 2 .
Results

All measured results are shown in
Totally, only 4 of the 36 analysed products declared the sodium content (3 from the Czech Republic, 1 from Italy). In all cases, the detected amount of sodium was lower than declared. The mean amount of sodium measured in Spanish products, typical for this product category -Iberian and Serano hams, was 15 g·kg -1 , except Iberian ham Pata Negra (20 g·kg -1 of sodium). Products from the Czech Republic were made from neck, roast and side. Two different producers, with the same named product and from the same anatomical animal part (roast and neck) had different results in the sodium and iodine content. CR -Czech Republic, SR -Slovak Republic; I -iodine, Na -sodium; SD -Standard Deviation
Only 2 products stated use of iodinated salt, but none declared its amount. The mean iodine content in Spanish products was 25 µg·kg -1 except Jamon Serano Reserva under the limit of quantification <15 µg·kg -1 and Jamon Curado Bodega with 590 µg·kg -1 . Rustic ham produced in Germany declared the use of iodinated salt and this product had the highest iodine content (1014 µg·kg -1 ) from all the analysed products. Dried meats produced in the Czech Republic had the highest mean amount of measured iodine (mean 707 µg·kg -1 ) in comparison with other analysed products. The iodine content in all samples was measured above 570 µg·kg -1 , with no sample under the limit of quantification as products from Italy, Spain, Germany and France. Only 3 of all analysed samples had a similar iodine content (Westphalian and Rustic ham from Germany and Jamon Curado Bodega from Spain) as products from the Czech Republic.
Belgian Arden ham declared iodinated salt, but compared to other products, the amount of iodine was very low (53 µg·kg -1 ). The use of marine salt was stated on Austrian Tyrolian ham, but the amount of measured iodine was 29 µg·kg -1 , which was even lower than in Styrian ham without any use of marine salt (65 µg·kg -1 ).
Discussion
According to the results obtained by the National Monitoring of Dietary Exposure made by the National Institute of Public Health in Brno, the main exposure source of iodine in the diet for the Czech population is milk, followed by yoghurts for all population age groups. Bakery and meat products contribute less, depending on the age group and the probable use of iodinated salt during their production (Řehůřková et al. 2010) .
In this pilot study, the use of iodinated salt in production of fermented meats among Czech meat producers is obvious. The opposite situation was shown for the typical producers, Italy and Spain. This could be due to traditional production technology in Spain and Italy, as this type of production is new in the Czech Republic. The consumption of fermented meat is relatively low in the Czech Republic, on average about 2% of all meat products; with men consuming approximately 40% more than women (Ruprich et al. 2006) . These products are becoming more popular and consumers expect superior quality 276 as the price is higher than in other meat products. As the results show, the same type of ham can be produced with different sodium and iodine contents. Producers should take this into account and do the best for consumer's health benefits. On the other hand, consumers should be aware of the fact that use of iodinated or marine salt does not mean a good source of iodine.
From the global point of view, Czech Republic is a region with a consolidated iodine deficiency. But when pointing out its dietary sources, it is obvious that this problem must remain monitored.
